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• Zermatt ISM meeting 
September 24, 2010 

Tom Greene (NASA Ames) 

& many other JWST scientists 


Spitzer Serpens A image courtesy of NASA/JPL-Caltech/L. Cieza (UT) 



JWST in a nutshell 



Optical Telescope 
Element (DTE) 
Secondary Mirror 


Sunsh ield 


OTE Primary Mirror 


6.5-m primary mirror; 18 
segments 

X <1 - 28 pm 

Instruments: 

- NIRCam 

- NIRSpec 

- MIRI (cam + spec) 

- FGS w/TF 
> 2014 launch 

- Arianne V to L2 

- 5 yr req life 

- 10 yr goal 

- No cryogens 


Sunshield 

Containment 

fields 
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JWST Instruments: NIRCam (NASA) 



• Images over 0.7 - 5 pm 
Nyquist sampled at 2 & 4 pm 

- Broad, medium, and 
narrow bands 

- R ~ 1700 slitless spectra 
3 - 5 pm (series filter) 

- Coronagraphic imaging 

• 2 identical modules, each with 
short and long wavelength 
dichroics: 2 x 2' x 2’ FOV 

• M. Rieke (U Arizona) is PI 



• Filters and other information: 

http://ircamera.as.arizona.edu/nircam/ 
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FGS: Fine Guidance Sensor (CSA) 

• 2 NIRCam-sized (2.3' x 2.3' adjacent FOVs) 

• X = 2pm critical sampling 

• X = 0.8 - 4.8 pm wide band guider imaging 

• R=100 imaging with tunable filter (TFI) for science 

• X = 1.5 - 2.6 pm and 3.1 - 5 pm operation 

• Non-redudant mask for moderate contrast, high spatial 
resolution science imaging 

• J. Hutchings (FGS) and R. Doyon (TFI) are Pis 
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NIRSpec (ESA): 1—5 pim spectra 



• Multi-object spectrograph 

• 3.4' x 3.4' FOV 

• Mosaic of microshutter arrays 
(250,000 shutters, each 200 x 
460 mas) 

• Also has fixed slits and IFU 

• R=100 (1 setting) and 
R=2700 (3 settings) 
spectroscopy with coarse 
(100 mas) spatial sampling for 
single or multiple objects 

• R~100 prism covers 0.7 - 5^im 

• P. Jakobsen science team lead 
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MIRI: Mid-infrared instrument (EC/NASA) 


[mm Fields of View 


MIRI European 
Consortium 


it is not possible to 

simultaneously 075 775 725 575 

observe the same field 
with imager and 
spectrometer 



Medium Resolution 
Spectrometer 
> 3,5 x 3.5 arcsec 


0.00 



- 3.00 


4QPM Coronagraphs 
15.5pm 
1 1.4pm 
10.65pm 
24 x 24 arcsec. 


Low Resolution 
Spectrometer 
5 x 0,6 arcsec 


Lyot Mask 23pm 
30” x 30” 


W2 (arc min I- 


• MIRI has an imager, F ~ 100 spectrograph, and R=3000 
IFU spectrometer (G. Wright PI; G. Rieke science lead) 
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Instrument Properties 




Key Instrument Characteristics {as of Mar 06) 


Instrument 

Channeli'NIocfe 

Wavelength 

[microns) 

Typical Spectral 
Resolution 

FOV 

Angular 
Resolution 
[arc see) 

Number of 
Sensor Chip 
Arrays 

Mega Pixels 

Detector Type / Format 
NIR=ia urn pixels 
M 1 R=25 urn pixels 

Detector 
Temp (K) 

NIRCam 

Shonwave 

0.5 2.3 

4.10,100 

2.2 x 2.2 each of £ modules 

0 052 1 1 pixe 

5 

34 

HqCd'e.' 2046 x £045 

40 

Lorigwave 

2.4 5.: 

4, '0.100 

22 x 2.2 each of £ modules 

0.065 ' pixel 

£ 

0 

HgCd”e 2315 x £045 

40 



1.0 5.0 

10GC 

2C3 i -33 iraicc-£‘ i r ^ r 3ce~-i p e. IV * 






NIRSfwc 

M J-i Object Spec 

0.6 5.0 

100 

52S masptii. 4x 171 x 365 t\M r ar r er-- 
format 9.7 3C aw mub abjedargE&afe 
sdcamle 

see FOV 

2 

8 

HgCdTe l 2048 x 2048 

37 

Long Sli:s (5) 

1.0 5.0 

100, 1C0C. 270C 

25G x 35CC rasx 3, 4CO>:4iXO mas, 
1 00 k MEC mas 






IFU 

07-5.0 

£700 

o^3 a'c so: 

0.1 D sice *id:h 






Iraqer 

£-27 

4-6 

1.9 x 1.4 

0.11 : Dixe 

i 

i 

5i:AE : 1024 x 1024 

7 


LjVh Res 3 

5-11 

ICG 

5“ x Off 

seeFCV 

1 

1 

Si: As,' 1 024 x 1 324 

7 

MIRJ 


4.B7-7.7G 

5330 

3.7” x 3. T 

0.1 B slice v%id:h 





Med Re& IF J 

7.45-11.67 

3000 

4.7' x 4. 5' 

3 25 slice wid^h 

1 

1 

Si: As 1 024 x 1024 

7 



11.47-1B.24 

35CC 

6.2' x 6. V 

0.39 slice wd:h 







17.54 25.62 

££5C 

l.Yxl.T 

0.65 slice wd:h 





FGS-TF 


1.6 -2.5, 3l2 ■ 4.9 

100 ~ 

2.2 a 2.2 

0.055 .' pixe 

f 

4 

HgCdTe ; 2018x2048 

40 

FGS-Guider 


O.B 5.0 

0.7 

2.3' x 2.5 each of £ modules 

0 .065' pixe 

2 

8 

HoCdle ; 2348 x 2048 

40 


Table courtesy of Matt Greenhouse, JWST ISIM Project Scientist 
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Estimated Sensitivities 






JWST Sensitivity (JWST-RQMT-000634 Rev-M proposed) 



Wavelength 

{microns) 

Instrument/Mode 

Bandwidth (l/Dl) 

SNiR 

Maximum Wall Clock Time (s) 

Continuum 
Flux Density 
(nJy) 

Continuum 
Flux Density 
(10 33 W m^Hz' 1 ) 

Unresolved 
Line Flux 

{IQ- 21 W m 2 ) 

1.1 

NIRCam 

4 

10 

10,000 

^TBD 

TBD 

NA 

2 

NIRCam 

4 

10 

10,000 

10.40 

0,10 

NA 

3.5 

FGS-TF 

100 

10 

10,000 

126.00 

1.26 

NA 

3 

IN IRS pec/Low Res 

100 

10 

10,000 

120,00 

1.20 

NA 

2 

NIRSpec/ Med Res 

NA 

10 

100,000 

NA 

NA 

1 

10 

MIRI/ Broadband 

5 

10 

10,000 

700.00 

7,00 

NA 

21 

MIRI/Broadband 

4.2 

10 

10,000 

8700.00 

87.00 

NA 

9.9 

MIRI /Spectra meter 

NA 

10 

10,000 

NA 

NA 

10 

22.5 

MIRI/Spectrtometer 

NA 

10 

10,000 

NA 

NA 

560 


• MIRI R=3000 IFU is currently estimated to have point 
source sensitivity Fnu ~ 500 nJy @ S/N = 10 in 1 E4 s in 
wide 10 |im filter 

• Please take all values as estimates only: better values 
should be provided by June 2011 
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Status 

All instrument engineering models built, flight models to be 
delivered in 2011 
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How do proto-stellar clouds collapse? 

Stars form in small regions 
collapsing gravitationally within 
larger molecular clouds. 

We can see through thick, dusty 
clouds in the infrared. 

Protostars begin to shine within 
the clouds, revealing 
temperature and density 
structure. 

Observations consist of near- 
and mid-IR images that are use 
to create extinction maps via 
color and number information of 
background stars 
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Declination (J2000) 





Emission vs. Extinction maps 

High JWST sensitivity allows much deeper penetration and much 
finer sampling than ground-based extinction mapping: 

Herschel Column Density of Aquila 2MASS extinction map of Aquila 
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Konyves et al. 2010 


Konyves et al. 2010 / Bontemps et al. 2010 
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How do planets form? 







Giant planets 
could be signpost 
of process that 
creates Earth-like 
planets 

Solar System 
primordial disk is 
now in small 
planets, moons, 
asteroids and 
comets 
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How are circumstellar disks like our Solar System? 
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Here is an 
illustration of 
what MIRI might 
find within the 
very young core 
in Ophiuchus, 
VLA 1623 


MIRI beam 
@ 7|im 


CIRCUMSTELLAR 

DISK 


DUSTY 

ENVELOPE 


Protostar 


500 AU orbit of 
Pluto 


approximate field for NIRSpec & MIRI 
integral field spectroscopy 


5 (J2Q00) 


JWST and Herschel: 


-rao-ocr 


-l*fiS r CQ™ 


-awoo™ 




-2 fl LG r 0Q rj 



lB^Q^+D - 3U r 40' 


a (J2000) 



nearby dark clouds 

• Herschel PACS & SPIRE 
find the most embedded 
objects 

• JWST will observe those 
protostars in detail: 

• Both NIRCam fields shown 

• TFI line imaging 

• NIRSpec MOS R=3000 
spectra 

• MIRI images and IFU 
spectroscopy 



Serpens Herschel SPIRE 350 ^im image & protostars (green) Bontemps et al. 2010 
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JWST and Herschel: LMC 


60 [im 


3.30 ° 


2 arcmin 

29 pc 


in I IJ 


J 


3.35 


3.40 



MIRI Imager 


RA (J2G0Q) 78.5 


78.3 


Single NIRCam or TFI 
FOVs 


Herschel YSOs 
O SpitzerYSOs 
O Confirmed YSOs 

OH and H 2 O masers 
hi? O masers 

o 

78.1 


Sewifo et al. (2010): SPIRE, PACS, and Spitzer MIPS. Herschel objects in red boxes 
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Dedination (J2000) 



JWST and Herschel: Nearby Galaxies 




Bendo et al. (2010) PACS M81 

- Dual NIRCam fields shown 

- Can map star formation in a 
few pointings 



I2 h 02 m 00 s 0 55*0 5Q b 0 IS 

Klaas et al. (2010) PACS Antennae 

- single NIRCam / TFI field shown 

- MIRI field inset 
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ther JWST Star Formation/ ISM thought 

• Probe structure of protostellar envelopes with deep mid- 
IR imaging 

• Chemistry of circumstellar envelopes with mid-IR spectra 

• Probe “bottom end” of the initial mass function with multi- 
object spectroscopy of young clusters 

• Images and spectra of jets in high and low mass star 
formation regions to study cessation of infall and 
entrainment of outflows 

• Multi-epoch images to search for jet & stellar variability 
and investigate dynamical motions 

• Tunable filter imaging of H2, PAH, HI Br, and other line 
emission 
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